solution in which M indicates mol/l has been studied using weight-loss and galvanostatic polarization techniques. A significant decrease in the corrosion rate of C-steel was observed in the presence of the investigated compounds. This study revealed that, the inhibition efficiency increases with increasing the inhibitor concentration, and the addition of iodide and thiocynate ions enhances it to a considerable extent. The effect of temperature on the corrosion behavior of C-steel was studied in the range from 30-60 o C with and without 5×10 -6 M investigated compounds using weight-loss method. Apparent activation corrosion energy (E a * ) and other thermodynamic parameters for the corrosion process were calculated and discussed. The polarization measurements show that the investigated compounds act as mixed-type inhibitors, but the cathode is more polarized when an external current was applied. The adsorption of these compounds on the surface of C-steel in 3 M H 3 PO 4 obeys Frumkin's adsorption isotherm. The mechanism of inhibition was discussed in the light of the chemical structure of the investigated compounds.
INTRODUCTION
The corrosion inhibition of C-steel becomes interest because C-steel is widely applicable in industry and domestic life and it is widely used as a constructional material in many industries due to its excellent mechanical properties and low cost.
The corrosion inhibition of iron and its alloys by different organic inhibitors in acidic solutions has been studied by several authors.
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A little work appears to have been done on the corrosion inhibition of steel alloys in H 3 PO
4
. Some quaternary ammonium compounds were prepared from cycloaliphatic amines and have been tested as corrosion inhibitors for mild steel in 50% H solutions.
14 The effect of some aromatic hydrazone derivatives as corrosion inhibitors for C-steel in 1M H 3 PO 4 15 has been studied. In the present paper the corrosion inhibition of C-steel in H solution by some furfural hydrazone derivatives using weight-loss and galvanostatic polarization technique was studied. The effect of addition of iodide and thiocynate ions on the inhibition efficiency was tested. Moreover, the effect of temperature on the corrosion rate was studied to calculate the thermodynamic parameters related to the corrosion process.
EXPERIMENTAL Materials
The experiments were performed with C-steel having the chemical compositions (weight %), C 0.2, Mn 0.35, P 0.24, Si 0.003 and Fe is the remainder.
The molecular structures of the investigated furfural hydrazone derivatives are shown below and were chosen because they are available, easily prepared and non toxic.
Hydrazone derivatives derived from furfural were prepared 16 by mixing equimolecular amounts of the respective aldehyde and hydrazide in absolute ethanol. The mixture was refluxed on water bath for 2-6 hours and the solution was evaporated to about its half volume, left to cool until white, yellowish or orange crystals were separated out. These were filtered off, recrytalized from ethanol and finally dried in vacuum desiccator over anhydrous calcium chloride. Their structures were characterized by NMR, IR spectroscopy and element analyses before use. 100 ml stock solutions (10 -3 M) of compounds (I-V) were prepared by dissolving an accurately weighed quantity of each material in an appropriate volume of absolute ethanol, and then the required concentrations (1×10 -6 M to 11×10 -6 M) were prepared by dilution with double distilled water.
Approximately 5M H
3

PO
4
solution was prepared by diluting the appropriate volume of the concentrated chemically pure acid (BDH grade), with double distilled water. The concentration of the acid was checked by titrating an appropriately diluted portion with standard solution of sodium hydroxide, which was titrated in turn against standard solution of oxalic acid. From this stock concentrated solution, exactly 3M H 3 PO 4 solutions were prepared by dilution with double distilled water which was used throughout all experiments for the preparation of solutions.
Two different techniques have been employed for studying the corrosion inhibition of C-steel by hydrazone derivatives, these are: a) Chemical technique (Weight loss method). b) Electrochemical technique (Galvanostatic polarization method).
Chemical Technique (Weight loss method)
The reaction basin used in this method was a graduated glass vessel 6 cm inner diameter having a total volume of 250 ml. 100 ml of the test solution were employed in each experiment. The test pieces were cut into 2×2×0.2 cm. They were mechanically polished with emery paper (a coarse paper was used initially and then progressively finer grades were employed), degreased in acetone, 17 rinsed with double distilled water and finally dried between two filter papers and weighed. The test pieces were sus-pended by suitable glass hooks at the edge of the basin, and under the surface of the test solution by about 1 cm. After specified periods of time, three test pieces were taken out from the test solution, rinsed with double distilled water, dried as before and weighed again. The average weight loss at a certain time for each set of three samples was taken. The weight loss was recorded to the nearest 0.0001 gram.
Electrochemical Technique (Galvanostatic polarization method)
The electrochemical experiments were carried out in a three-electrode electrochemical cylindrical Pyrex glass cell with a platinum counter electrode and saturated calomel electrode (SCE) as reference. The working electrode had the form of a disc cut from C-steel sheet. The disc with an exposed area of 1 cm 2 was used and was weld from one side to a copper wire for electric connection and embedded in a glass tube of just larger diameter than the sample. Epoxy resin was used to stick the sample to the glass tube. 18 The exposed area was polished with different grades of emery papers in the normal way starting from coarser to finer, followed by degreasing in acetone and finally washing with double distilled water, just before insertion in the electrolytic cell.
A constant quantity of the test solution (100 ml) was taken in the polarization cell. A time interval of about 30 minutes was given for the system to attain a steady state and the open circuit potential (OCP) was noted. Both cathodic and anodic polarization curves were recorded galvanostatically using an Amel Galvanostat (Model-549) and digital Multimeters (Fluke-73) were used for accurate measurements of potential and current density. Solutions were not deaerated to make the conditions identical to weight loss measurements. All the experiments were carried out at 30±1 o C by using ultra circulating thermostat. indicates the absence of insoluble surface films during corrosion. In the absence of any surface films, the inhibitors are first adsorbed onto the metal surface and thereafter impede corrosion either by merely blocking the reaction sites (anodic and cathodic) or by altering the mechanism of the anodic and cathodic partial processes.
RESULTS AND DISCUSSION
Weight-Loss Measurements
The percentage inhibition efficiencies (%I) of the investigated furfural hydrazone derivatives were determined using the equation (1): 
where W 1 and W 2 are the corrosion rate of C-steel in the absence and presence the investigated furfural hydrazone derivatives, respectively at given time period and temperature. From the calculated values of the % inhibition efficiency (%I) given in Table 1 at 30 o C, the order of decreased inhibition efficiencies of the investigated furfural hydrazone derivatives is: I > II > III > IV > V.
Synergistic effect
The corrosion behavior of C-steel in 3M H 3 PO 4 solution in the presence of 1×10 -4 M potassium iodide and potassium thiocyanate at different concentrations of inhibitors (I-V) was studied. The % inhibition efficiencies were increased in the presence of these anions than in its absence .In case of KI the % inhibition efficiency in presence of I -and SCN -ions are presented in Table 2 . From these results, it is observed that (%I) is enhanced due to synergistic effects. 19 The synergistic effect of these anions (I -and SCN -) has been observed. 20 The data in Table 2 ) anions on the metal surface are responsible for the synergistic effect of iodide and thiocyanate anions in combination with cation of the inhibitor. The cation is then adsorbed by columbic attraction on the metal surface where iodide and thiocyanate anions are already adsorbed by chemisorption. Stabilization of adsorbed iodide and thiocyanate anions with cations leads to a greater surface coverage and therefore greater inhibition. One can conclude that the addition of iodide and thiocyanate ions enhances the inhibition efficiency to a considerable extent, due to the increase of the surface coverage in the presence of iodide and thiocyanate ions. The order of investigated compounds remains unchanged, as before. From the previous results it is known that KI could be considered as one of the effective anions for synergistic action within the investigated inhibitors.
Effect of Temperature on Corrosion Process
The effect of temperature on corrosion of C-steel Arrhenius plot, equation (2), of logarithm of the corrosion rate (log W) with the reciprocal of absolute temperature (1/T) in absence and presence of 5×10 -6 M inhibitors (I-V) was shown graphically in Fig. 2 .
where k is the Arrhenius preexponential constant. and R is the universal gas constant. From the slopes of the plots, the respective apparent activation corrosion energy (E a * ) was calculated and tabulated in Table 3 . The results show that, the values of apparent activation corrosion energy (E a * ) increases in the same order of increasing inhibition efficiency of the inhibitors. It is also indicated that the whole process is controlled by surface reaction, since the energy of activation of the corrosion process is over 20 kJ mol -1 .
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From the results of the effect of temperature, it was observed that the inhibition efficiency increases with increasing the inhibitor concentration at one hand, and decreases with the rise of temperature on the other hand. This means that these derivatives are adsorbed physically on C-steel surface.
From transition state theory M furfural hydrazone derivatives. tion energy increased by increasing the concentration of the inhibitors. These results indicate that these investigated derivatives are acting as inhibitors by increasing the activation energy of C-steel dissolution and by making a barrier to mass and charge transfer due to their adsorption on C-steel surface. The values of ΔS * in absence and presence of the investigated derivatives are negative; this indicates that the activated complex is the rate determining step representing an association rather than dissociation step. 22 This means that the activated molecules are in higher ordered state than that at the initial state.
Adsorption Isotherms
The variation of surface coverage determined by weight loss measurements, θ, with the logarithm of the inhibitor concentration, log C, is represented in Fig. 4 . These curves are of S-shape obeying the Frumkin's adsorption isotherm 23 and are in good agreement with the Frumkin's equation (4) . As shown from this Figure, one can conclude that the degree of surface coverage increases as the concentration of the inhibitor increases and hence, the inhibition efficiency increases.
Frumkin's equation is:
where (a) is a molecular interaction parameter depending on the molecular interaction in the adsorption layer and on the degree of heterogeneity of the surface, C is the molar concentration of inhibitor, K is the equilibrium constant of the adsorption reaction.
Galvanostatic Polarization Technique Fig. 5 shows the galvanostatic polarization curves M furfural hydrazone derivatives. The results indicate that: 1. The cathodic and anodic curves obtained exhibit Tafel-type behavior. Addition of furfural hydrazone derivatives increased both the cathodic and anodic overpotentials and the presence of furfural hydrazone derivatives in solution inhibits both the hydrogen evolution and the anodic dissolution processes i.e. they are mixed-type inhibitors.
2. The corrosion current density (i c o r r .
) decreases with increasing the concentration of furfural hydrazone derivatives which indicates that these derivatives act as inhibitors, and the degree of inhibition efficiency depends on the concentration and type of inhibitors present.
3. The slopes of the anodic and the cathodic Tafel lines (β a and β c ) were slightly changed on increasing the concentration of the tested derivatives. This indicates that there is no change of the mechanism of corrosion in presence and absence of inhibitors.
4. The order of inhibition efficiency of all inhibitors at different concentrations, as given by polarization measurements are listed in Table 4 , and is in the order of:
I >II > III > IV > V. 5. The results obtained from weight-loss measurements are in good agreement with that obtained in polarization measurements.
Chemical Structure of the Inhibitors and Corrosion Inhibition
Inhibition of corrosion of C-steel in 3M H 3 PO 4 by the investigated furfural hydrazone derivatives as determined from weight loss and polarization measurements was found to depend on the concentration and the nature of the inhibitor.
The observed corrosion data in the presence of the selected furfural hydrazone derivatives showed in the following:
i) The corrosion rate and corrosion current density decrease with increasing the concentration of the inhibitors.
ii) The linear variation of weight loss with time.
iii) The parallel shift in Tafel lines to higher potential regions.
iv) The decrease in % inhibition efficiency (%I) with increasing the temperature.
This indicates that the corrosion inhibition occurs by adsorption of the inhibitor at the electrode / solution interface. The nature of inhibitor interaction on 
